Enhanced cardiomyocyte Ca(2+) cycling precedes terminal AV-block in mitochondrial cardiomyopathy Mterf3 KO mice.
Heart disease is commonly associated with altered mitochondrial function and signs of oxidative stress. This study elucidates whether primary cardiac mitochondrial dysfunction causes changes in cardiomyocyte handling of reactive oxygen species (ROS) and Ca(2+). We used a mouse model with a tissue-specific ablation of the recently discovered mtDNA transcription regulator Mterf3 (Mterf3 KO). These mice display a cardiomyopathy with severe respiratory chain dysfunction, cardiac hypertrophy, and shortened lifespan. ROS and Ca(2+) handling were measured using fluorescent indicators and confocal microscopy. Mterf3 KO hearts displayed no signs of increased ROS production or oxidative stress. Surprisingly, Mterf3 KO cardiomyocytes showed enlarged Ca(2+) transient amplitudes, faster sarcoplasmic reticulum (SR) Ca(2+) reuptake, and increased SR Ca(2+) load, resembling increased adrenergic stimulation. Furthermore, spontaneous releases of Ca(2+) were frequent in Mterf3 KO cardiomyocytes. Electrocardiography (measured with telemetry in freely moving mice) showed a terminal state in Mterf3 KO mice with gradually developing bradycardia and atrioventricular block. In conclusion, mitochondrial dysfunction induced by Mterf3 KO leads to a cardiomyopathy without signs of oxidative stress but with increased cardiomyocyte Ca(2+) cycling and an arrhythmogenic phenotype. These findings highlight the complex interaction between mitochondrial function, cardiomyocyte contractility, and compensatory mechanisms, such as activation of adrenergic signaling.